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Description 

This invention is directed to the production of hy- 
drogen from hydrocarbons and more particuiarly to a 
process for deriving hydrogen from a hydrocarbon 
feed in which the starting material is subjected to 
stripping of its sulfur contents on a nickel sorbent and 
subsequently to reforming reaction on a steam re- 
forming catalyst 

Hydrogen finds extensive application for instance 
as a starting material, a refining agent, a fuel and the 
like and has its source of supply from a variety of 
methods including electrolysis of water and steam re- 
forming, partial oxidation, decomposition or dehydro- 
genalion of hydrocarbons and alcohols. Hydrogen ob- 
tainable by electrolyzing water is highly pure, though 
costly, and hence applicable to special usage as in 
physical and chemical experiments. Hydrogen for in- 
dustrial use as starting materials or product refiners 
is in most cases produced by steam- reforming or par- 
tially oxidizing relatively cheap, readily available ma- 
terials and in such Instance steam reforming of light 
hydrocarbons and alcohols is more often effected 
than partial oxidation of coals and heavy residual oils. 
Such light hydrocarbons and alcohols include for ex- 
ample methane, ethane, propane, butane and mix- 
tures thereof and gases containing these hydrocar- 
bons, light naphtha, heavy naphtha and methanol. 

In general, hydrocarbons contain sulfur com- 
pounds which tend to adversely affect steam reform- 
ing catalysts. It is necessary therefore to remove sul- 
fur contents firom the hydrocarbon prior to reforming 
reaction as the catalyst is highly sensitive to those 
sulfur compounds. 

A hydrogenative desulfurization process is 
known for removing sulfur compounds from hydrocar- 
bons in the presence of a hydrogen -containing gas 
with the use of a catalyst such as cobalt-molybde- 
num, nickel-molybdenum, nickel-cobalt-molybde- 
num, nickel-tungsten and the like and under elevated 
temperature and pressure conditions. Hydrogen sul- 
fide thus formed is subsequently removed by adsorp- 
tion on to a metal oxide such as zinc oxide, copper ox- 
ide, manganese oxide or iron oxide. The resulting de- 
sulfurized mixture can be further treated in a steam 
reforming step. Such a process comprising catalytic 
hydrodesulfuration, adsorption and catalytic steam 
reforming is known firom DE-B 1 545 446. Hydroge- 
native desulfurization differs in reaction conditions 
from steam reforming, entailing the disposition of re- 
action vessels, control devices, heat exchangers and 
other necessary facilities for use in desulfurization at 
a position upstream of and independently of the 
steam reformer. This leaves the problem that the 
whole apparatus gets bulky with tedious control. 

With the prior method of adsorbing hydrogen sul- 
fide with metal oxides, it has been difficult to remove 
sulfur compounds other than hydrogen sulfide to a 



level of concentration tolerable to reforming catalysts. 
These metal oxides are liable to invite a sharp decline 
in adsorptivity on contact with steam in reforming re- 
aciton. 

5 It has also been proposed that a nickel sorbent be 

used to remove traces of sulfur compounds from 
naphtha fractions in a naphtha reforming process for 
gasoline production, thereby maintaining a platinum 
catalyst fully activable in a subsequent reaction. In 

10 the chemical industry such sorbent has been utilized 
to adsorb a limited amount of sulfur contained in or- 
ganic compounds as starting materials so that side 
reaction is alleviated during preparation of the com- 
pounds intended. The present inventors disclose cer- 

15 tain adsorption methods in Japanese Patent Laid- 
Open Publication Nos. 63-35403, 1-188404, 1- 
188405 and 1-188406, which methods serve to re- 
nrK>ve sulfur contents from a kerosine fraction under 
specific conditions. However, the methods of Public- 

20 atlon Nos. 63-35403, 1-188404 and 1-188405 have 
been found not still satisfactory because increased 
quantity of a nickel sorbent is required to achieve a 0.2 
ppm level over prolonged length of time. With the 
method of Publication No. 1-188406. hydrogen-con- 

25 taining gas often outgoes together with carbon mon- 
oxide (CO) and carbon dioxide (CO2) from a desulfur- 
ization reactor with the results that CO and CO2 will 
react with H2 in the presence of a nickel sorbent and 
thus generate gaseous methane, leading to hazar- 

30 dous heat buildup. 

As hydrogen-containing gas necessary for re- 
forming reaction, part of reformed gas derivable from 
that reaction is usually recycled in which CO and CO2 
are contained. This recycle gas is obtained subslan- 

35 ttally free from CO and CO2 only when passed 
through carbon monoxide modifiers and carbonate 
removers arranged downwardly of the steam refor- 
n>er. Contact of a nickel solvent with a hydrocarbon at 
a temperature above 40°C at an inlet of the reformer 

40 has been experimentally proved susceptible to too 
much carbonaceous deposit for practical purposes. 

The present invention seeks to provide a novel 
process for producing hydrogen of high purity fi'om hy- 
drocarbons which will eliminate the foregoing draw- 

45 backs of the prior art methods and which will enable 
the hydrocarbon to react with a nickel sorbent in the 
presence of steam and wit hout formation of met hane. 
More specifically, the invention resides in the provi- 
sion of a process for hydrogen production which will 

50 exhibit reduced carbonaceous deposition on and pro- 
longed service of the nickel sorbent without involing 
added gas-liquid separator and heat exchanger facili- 
ties. 

As will become better understood from the follow- 
55 ing description, the invention provides a process for 
producing hydrogen from hydrocarbons, which com- 
prises contacting a hydrocarbon feed with a nickel- 
containing sorbent in the presence of steam and hy- 
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drogen-containing gas at a pressure of lower than 
50.106 Pa (50 kg/cmsG), at a temperature of 150 to 
500°C and at a GHSV of 100 to 5,000 hM or at an 
LHSV of 0.1 to 10 hM and subsequently treating the 
resulting reaction mixture with a steam reforming cat- 
alyst. 

Hydrocarbons eligible for purposes of the present 
invention are gaseous or liquid at room temperature 
and at atmospheric pressure. Gaseous hydrocarbons 
include methane, ethane, propane, butane and the 
like singly or in combination and natural gas, whereas 
liquid hydrocarbons include light naphtha fractions, 
heavy naphtha fractions, kerosine fractions and the 
like and mixtures thereof. Particularly preferred are 
natural gases, tight and heavy naphthas and kerosine 
fractions. 

Naphthas usually have a content of sulfur com- 
pounds of not more than 300 ppm by weight, and ker- 
osine fractions do a similar content of smaller than 
2,000 ppm by weight. Sulfur contents in hydrocarbons 
suitable for the invention are not specifically restric- 
tive but economically feasible in an amount of not 
more than 150 ppm by weight and preferably less 
than 100 ppm by weight and more preferably up to 10 
ppm by weight. 

Nickel sorbents according to the invention prefer- 
ably contain nickel in an amount of 30 to 70% by 
weight and may further contain small quantities of 
copper, chromium, zirconium, magnesium and other 
metal components. Suitable carriers are selected for 
example from silica, alumina, silica-alumina, titania, 
zirconia, zinc oxide, clay, diatomaceous earth and 
other inorganic refractory oxides. The nickel-contain- 
ing sorbent preferably takes the form of a tablet, pellet 
or sphere having a size of 0.5 to 10 mm. To avoid fire 
hazard or otherwise improve surface stability, the 
sorbent may be treated by partial oxidation of its nick- 
el component or by adsorption with gaseous carbon 
dioxide. It may be subjected, prior to use, to hydrogen 
reduction at from 150 to 400°C or to carbon dioxide 
removal by an inert gas. 

Hydrogen-containing gas may be supplied from 
an external source, but may more conveniently be re- 
placed with a portion of hydrogen which is generated 
according to the invention and which can be recycled. 
A reformed gas from a steam reformer is made up of 
CO2, CO, H20,CH4 and traces of hydrocarbons of two 
or more carbon atoms normally in thermodynamic 
equilibrium and may be used either as generated or 
after removal of materials other than hydrogen. This 
varies depending upon the end use of hydrogen. In 
hydrogen-containing gas to be recycled, therefore, 
hydrogen may be contained in an amount of 30% or 
more. 

A selected hydrocarbon as a starting material 
may be contacted with a nickel sorbent in the pres- 
ence of hydrogen-containing gas and steam and un- 
der reaction conditions at a pressure of lower than 



50.105 Pa (50 kg/cm^G) and preferably from atmos- 
pheric to 30. 10* Pa (30 kg/cm2G) and at a tempera- 
ture of 150 to 500^C and preferably from 250 to 
SOC^C. Lower pressures of 1 0.1 0* Pa (10 kg/cm2G) or 

5 below are clear of the provisions of the high pressure 
gas ordinance and easy and simple to handle. The hy- 
drocarbon if gaseous should be in the range of 100 to 
5,000 hr^ in gas per hour space velocity (GHSV) and 
if liquid in the range of 0,1 to 10 hr^ and preferably 

10 from 1 to 5 hr^ in liquid per hour space velocity 
(LHSV). The hydrogen to hydrocarbon ratio prefer- 
ably ranges from 0.05 to 1 .0 Nm^ in terms of pure hy- 
drogen/kg of hydrocarbon. Steam may be used in a 
steam to carbon ratio of 0.1 to 7 mol/atom and prefer- 

15 ably 0.2 to 5 mol/atom. Smaller ratios of steam than 
0.01 mol/atom would not be effective in reforming the 
starting hydrocarbon and greater ratios than 7 mol- 
/atom would render the nickel sorbent less active. 
The hydrocarbon and steam may be contacted 

20 with a nickel sorbent by upward or downward pas- 
sage through the desutfurization reactor in which has 
previously been packed with that sorbent. The hydro- 
carbon upon treatment has a low sulfur content of 0.2 
ppm by weight or below and thus suits steam reform- 

25 ing according to the invention. 

The nickel sorbent may be packed in a vessel lo- 
cated in contiguous relation to, or at an inlet of, the 
steam reformer and should importantly be contacted 
with a given hydrocarbon in the presence of hydro- 

30 gen-containing gas and steam. The resultant reaction 
mixture should thereafter be contacted as prepared 
with a steam reforming catalyst with or without the 
addition of steam. 

Suitable reforming catalysts contain, as an active 

35 metal, nickel in an amount of 5 to 50% by weight as 
an oxide and preferably from 10 to 35% by weight and 
may also contain ruthenium. As carriers for this cat- 
alyst there may suitably be used those specified in 
connection with the nickel sorbent. A promoter may 

40 be employed which is made up such as of an oxide of 
an alkaline metal, an alkaline earth metal or a rare 
earth metal and which is added in an amount of less 
than 10% to prevent carbon precipitation. 

Hydrocarbon reforming reaction may preferably 

45 be effected at a temperature of 400 to 600°C at a cat- 
alyst bed inlet and at from 600 to 850°C at a catalyst 
bed outlet, at a pressure of below 50. 10^ Pa (50 
kg/cm^G) and preferably at from atmospheric to 
30.105 Pa (30 kg/cm^G) and more preferably at lower 

50 than 10 lO.IOs Pa (kg/cm^G), at pure hydrogen-hy- 
drocarbon ratio of 0.05 to 1 .0 Nm^/kg and at a steam- 
carbon ratio of 2.5 to 7 mol/atom. A reformed gas is 
usually entrained with CO2, CO, CH4 and H2O and 
may be further refined if necessary. CO may be re- 

55 moved or reduced by contacting the reformed gas 
with a high-temperature modifying catalyst such as 
Fe203-Cr203 at from 300 to 500^C and/or with a low- 
temperature modifying catalyst such as CuO-ZnO at 
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from 150 to 250°C. Where CO is required to reduce 
to 0.1% by volume or below, further treatment may be 
done by a nickel catalyst-fiiled methanator. CO2 may 
be removed by the use of a basic material such KOH. 
Hydrogen-containing gas on refining is put to use, but 5 
may in part be recycled to an inlet of the nickel sor- 
bent bed. 

Hydrogenative desulfurization and hydrogen sul- 
fide adsorption may if necessary be carried out prior 
to treatment with a nickel sorbent. In this instance a 10 
selected hydrocarbon is at first contacted with a de- 
sulfurizing catalyst packed usually on top of the desul- 
furization reactor. Catalysts used for this reaction are 
composed preferably of an active metal such as of co- 
balt-molybdenum, nickel-molybdenum, nickel-cobalt- 15 
molybdenum or nickel-tungsten, which metal is sup- 
ported on a carrier such as alumina or an alumina-ba- 
sed oxide. Cobalt or nickel may preferably be carried 
as an oxide in an amount of 2 to 7% by weight and mo- 
lybdenum or tungsten as an oxide In an amount of 8 20 
to 25% by weight This catalyst is from 0.7 to 5 mm in 
diameter and 1 0 mm or shorter in length. It may be ex- 
truded or pelletized into a circular, trefoiled or quotre- 
folled shape as seen diametrically cross-sectional ly. 
The catalyst is reduced by hydrogen and pre-sulfu- 25 
rized by a sulfurizing agent either before or after it is 
packed in a desulfurization reactor After this pre- 
treatment, the reactor is charged with a hydrocarbon 
and hydrogen-containing gas under specified condi- 
tions. As hydrogen-containing gas a portion of hydro- 30 
gen is conveniently utilized which is produced and re- 
cycled according to the invention as noted in steam 
reforming. 

Desulfurization conditions may be at a pressure 
of lower than 50.1 0^ Pa (50 kg/cm2G) and preferably 35 
1 0. 106 Pa (1 0 kg/cm^G) or below, at a temperature of 
250 to 400°C, at an LHSV of 0.27 to 7 hr^ and at a 
pure hydrogen- hydrocarbon ratio of 0.02 to 1.0 
Nm^/kg. 

Hydrogen sulfide derived by desulfurization 40 
should be removed with the use of an adsorbent. Ad- 
sorbents eligible for the invention are basic in nature, 
and they include sodium hydroxide, calcium hydrox- 
ide, monoethanolamine, iso propyl a mine, ZnO, CuO, 
Fe203-Cr203, ZnO-CuO, ZnC-MoOa, ZnO-Ft203 and 46 
the like. Solid compounds such as ZnO are preferred 
for easy handling and reasonable economy particu- 
larly where sulfur contents in hydrocarbons are held 
below 150 ppm by weight as contemplated under the 
invention. The hydrogen sulfide adsorbent may be in- so 
troduced together with the desulfurization catalyst 
into the same reactor in which the adsorbent is placed 
at a reactor lower outlet and the catalyst at a reactor 
upper inlet. Alternatively, the adsorbent may be sup- 
plied separately from the catalyst with the former 55 
agent packed in a downward reactor and with the lat- 
ter catalyst fed in an upstream reactor. In the case of 
separate supply, the same reaction conditions should 



be followed. 

The following examples are provided to further il- 
lustrate the invention. 

Example 1 

A stainless tube of 20 mm in inside diameter was 
packed with 100 ml of a nickel-diatomaceous earth 
sorbent of 59% by weight of Ni, followed by pretreat- 
ment with nitrogen gas at 200*^0 and by subsequent 
heating at 430°C. Into the tube was incorporated a 
naphtha feed of 34 to nO'^C in boiling point, 0.656 
g/cc in density and 43 ppm by weight of sulfur togeth- 
er with steam and hydrogen-containing gas of 74% in 
H2, 24% in CO2, 1 % in Co and 1% in CH4 each by vol- 
ume. The pressure was at 2.1 0^ Pa (2 kg/cm^G), the 
hydrogen-naphtha ratio atO.15 l/g, the steam-carbon 
ratio at 3.5 mol/atom and the LHSV at 0.35 hr^ (35 
ml/hr). The temperature rised to 450°C at a sorbent 
bed outlet meaning that the naphtha feed fully de- 
composed into a gas stream and a steam stream. The 
gas stream, composed of 40.1% in H2, 20.5% in CO2, 
0.6% in CO and 38.9% in CH4 each by volume, was 
reduced in its sulfur content to below 0.1 ppm by vol- 
ume. It was taken as prepared into a stainless refor- 
mer of 20 mm in inside diameter in which were placed 
at upper and lower positions two commercial grades 
of reforming catalysts in their respective amounts of 
17.5 ml. One grade contained 21% by weight of NiO 
and the ot her 1 0% by weight of NiO. Heating at 450°C 
at a catalyst bed inlet and at SOO'^C at a catalyst bed 
outlet gave a hydrogen-containing gas having 71.8% 
of H2, 1 4.2% of CO2, 1 2.8% of CO and 1 .2 % of CH4 
each by volume on a dry basis. This gas after being 
cooled to 200^^0 was supplied, at a GHSV of 1,000 
hr ^ on a dry basis, on to a commercial grade of a low- 
temperature modifying catalyst after which there was 
obtained hydrogen of 74% in H2, 24% in CO2. 1.0% in 
CO and 1.0% in CH4 each by volume. 

After a lapse of 600 hours following the initiation 
of naphtha feed, the sulfur content in the gas result- 
ing from the sorbent bed outlet exceeded 0.1 ppm by 
volume. At that time feeding was brought to an end. 
This is interpreted to indicate that commercially avail- 
able naphtha of 0.5 ppm by weight of sulfur, as 
against the 43 ppm naphtha now used for accelerated 
test, can be run even for 50,000 hours or longer under 
the same reaction conditions. 

Example 2 

A stainless tube of 20 mm in inskJe diameter was 
filled with 40 ml of a nickel-silica sorbent of 38% by 
weight of Ni. Reduction was done with hydrogen at 
200*'C and then heating at 400''C. The tube was 
charged with a commercial grade of JIB No. 1 kero- 
sine together with steam and hydrogen-containing 
gas of the same composition as was in Example 1. 



4 



7 



EP 0 376 419 B1 



8 



Reaction conditions were at a pressure of 9.10^ Pa (9 
kgycm2G), at a hydrogen-kerosine ratio of 0.5 l/g, at a 
steann-carfoon ratio of 4.5 mol/atom and at an LHSV 
of 1 hr^ (40 ml/hr). The tube showed a tennperature 
of 430°C at its sorbent bed outlet so that treated ker- 
osine had a sulfur content below 0.1 ppm by volume. 
Into a stainless reformer of 20 mm in inside diameter 
was Incorporated the resulting gas stream, followed 
by contact with 60 ml of a reforming catalyst packed 
in that reformer and composed of 35% by weight of 
NiO. On heating at 430*^0 at an inlet and at 780°C at 
an outlet there was obtained hydrogen with 69.7% of 
H2, 16.5%of CO2, 12.5%ofCOand 1.3%ofCH4 each 
by volume. 

Kerosine feeding was discontinued after a lapse 
of 230 hours for reasons noted in Example 1 . A long 
run of about 1 7,000 hours has been found effectively 
possible with a kerosine feed of 0.5 ppm by weight of 
sulfur. 

Example 3 

A stainless tube of 20 mm in inside diameter was 
filled with 25 ml of a nickel-diatomaceous earth sor- 
bent of 63.7% byweightof Ni. Nitrogen treatment was 
effected at 200*'C, and the temperature was elevated 
to 450°C. Natural gas was thereafter brought into 
contact with the sorbent also with the addition of 
steam and hydrogen-containing gas. The natural gas 
used was composed of 90% of methane, 4% of 
ethane, 4% of propane, 2% of butane and 4 ppm of 
sulfur each by volume and the hydrogen-containing 
gas of t he same nature as in Example 1 . Contact con- 
d it ions were at a pressure of 1 .1 0^ Pa (1 kg/cm^G), at 
a hydrogen-natural gas ratio of 0.7 1/1, at a steam- 
carbon ratio of 3.0 mol/atom and at a GHSV of 2,000 
hr^ (50 l/hr). Treated natural gas was reduced in its 
sulfur content to below 0.1 ppm by volume at 470°C 
at a sorbent bed outlet. This gas stream was contact- 
ed with 50 ml of a commercial reforming catalyst 
packed in a stainless reformer of 20 mm In inside di- 
ameter and made up of 9% by weight of NiO and also 
of 4% by weight of La as a promoter. Heating the cat- 
alyst bed inlet at 470''C and the catalyst bed outlet at 
820°C produced hydrogen having a composition of 
74.2% of H2, 11.3% of CO2, 14.1% of CO and 0.4% of 
CH4 each by volume. 

Performance was evaluated in a manner descri- 
bed in Example 1. Satisfactory results were obtained 
even over 2,400 hours. A run as long as about 9,500 
hours has been proved feasible with a GHSV of 500 
hr^ in place of the same velocity of 2,000 hr\ 

Comparative Example 1 

In a stainless tube of a 20 mm-inside diameter 
was supplied 40 ml of a Ni-Al203-MgO sorbent with a 
nickel content of 35% by weight. The sorbent after be- 



ing nitrogen-treated was heated at 440°C and con- 
tacted with 40 ml of a naphtha fraction of 34 to 170°C 
in boiling point, 0.655 g/cc in density and 39 ppm by 
weight of sulfur. The pressure was at 2.10* Pa (2 

5 kg/cm^G), the hydrogen-naphtha ratio at 0.15 l/g and 
the LHSV at hr^ (40 ml/hr). Hydrogen-containing gas 
used was as specified in Example 1. 

This control system resulted in a failure as it 
showed a sharp rise in reaction temperature imme- 

10 d lately after the test commenced. The reason was 
that CO or CO2 in the hydrogen-containing gas react- 
ed with H2 to transfrom into methane. This will contri- 
bute to the reason why the inventive process requires 
the presence of steam. Naphtha outgoing from the 

15 system slightly smelt like hydrogen sulfide. The ma- 
jority of sulfur contents was found to be discharged as 
hydrogen sulfide without arrest on the nickel-contain- 
ing sorbent. 

20 Example 4 

A stainless desulfurization reactor of a 20 mm-ln- 
side diameter was filled at its upper portion with 40 
ml of a desulfurization catalyst and at Its lower portion 

25 with 40 ml of a hydrogen sulfide adsorbent. The cat- 
alyst consisted of 3.0% of NiO, 22% of M0O3 and 75% 
of AI2O3 each by weight. ZnO was used as the adsor- 
bent Treatment was carried out with a mixture of a 
hydrogen-containing gas [74% of H2, 24% of CO2, 1% 

30 of CO and 1 % of CH4 each by volume], and a commer- 
cial grade kerosine [90 ppm by weight of sulfur, 50"C 
in flash point, 0.790 (1 5/4*^0) in density and 153 to 
260*^0 in boiling point]. Treated kerosine was reduced 
in its sulfur content to 4 ppm by weight. A mixture of 

35 treated kerosine and hydrogen-containing gas was 
added with steam at a temperature of 1 6Z°C and at a 
steam-carbon ratio of 1.4 mol/atom, followed by 
downward passage through the reactor packed fur- 
ther with 20 ml of asorbent of 63.7% by weight of Ni. 

40 The pressure was at 9.10* Pa (9 kg/cm2G), the inlet 
temperature at 250''C and the outlet temperature at 
280'' C. Treated kerosine was maintained in its sulfur 
content at below 0.1 ppm by weight for a passage of 
time as long as 10,125 hours. 

45 The resulting gaseous mixture of kerosine, hydro- 

gen-containing gas and steam was further treated 
with steam at a steam-carbon ratio of 5.0 mol/atom, 
followed by heat exchange and by subsequent intro- 
duction into a steam reformer having packed 115 ml 

50 of a reforming catalyst of 34 by weight of NiO. Reac- 
tion conditions were at a pressure of 8.10^ Pa (8 
kg/cm2G), at an inlet temperature of 500°C and at an 
outlet temperature of 800°C. A gas stream was ob- 
tained which was composed of 72.0% in H2, 14.2% in 

55 CO2. 12.8% in CO and 1.0% in CH4 each by volume 
on a dry basis. This stream was heat-exchanged to 
cool at 200°C and contacted at a GHSV of 1,000 
hr^ with a commercial grade of a low- temperature 
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modifying catalyst of CuO-ZnO-AlzOg after which 
there was produced hydrogen of 74% in H2, 24% in 
CO2, 1.0% in CO and 1.0% in CH4 each by volume. 

With the inventive process hydrogen is efficient- 
ly producible with kerosine of 90 ppm by weight of sul- 5 
fur even over about 10,000 hours. 

Example 5 

The same grade of l^erosine and conditions of de- 10 
sulfurization as in Example 4 were used to reduce the 
sulfur content to 4 ppm by weight. A mixture of treated 
kerosine and hydrogen-containing gas was exposed 
to steam at a temperature of 183*'C and at a steam- 
carbon ratio of 0.4 mol/atom. followed by contacting 15 
with a nickel-containing sorbent in a stainless desul- 
furization reactor. The nickel content and the amount 
of the sorbent was 37.7 by weight and 40 ml, respec- 
tively. Reaction was effected at a pressure of 9.10* 
Pa (9 kg/cm2G), at an inlet temperature of 280*^0 and 20 
at an outlet temperature of 320°C. The sulfur content 
of treated kerosine was held at below 0.1 ppm by 
weight for a length of time of 9,000 hours. 

The above reaction mixture after being subjected 
to steaming at a steam-carbon ratio of 5.0 mol/atom 25 
was reacted under the same conditions as in Exam- 
ple 4, thereby providing hydrogen of 74% in H2, 24% 
in CO2, 17 in CO and 1% CH4 each by volume. 

The indication is that hydrogen production is 
highly feasible as long as about 9,000 hours. 30 

Example 6 

in a stainless desulfurization reactor of a 20 mm- 
inside diameter were packed 80 ml of a desulfuriza- 35 
tion catalyst and 80 ml of a hydrogen sulfide adsor- 
bent. The catalyst and adsorbent were as used in Ex- 
ample 4, and the desulfurization conditions of Exam- 
ple 1 were followed except that the magnitude of 
LHSV was changed to 0.5 hr\ Contact-treated was 40 
a commercial grade of kerosine of 38 ppm by weight 
of sulfur, 52^C in flash point, 0.7919 (15/4°C) in den- 
sity and 149 to 250°C in boiling point. Treated kero- 
sine was reduced in its sulfur content to 0.68 ppm by 
weight. 45 

The resulting gaseous mixture was further 
steam-treated at a temperature of 183°C and at a 
steam-carbon ratio of 4.5 mol/atom and subsequently 
heat-exchanged to contact with 40 ml of a sorbent 
containing 59.6% by weight of Ni. The pressure was 50 
at 9.105 Pa (9 kg/cm2G), the inlet temperature at 
450"C and the outlet temperature at 480*'C. The sul- 
fur content in kerosine was held at below 0.1 ppm by 
weight for extended time of 8, 1 00 hours. The reaction 
mixture as treated was allowed to pass through a 55 
steam reformer in which two different reforming cat- 
alysts were filled in their respective amounts of 40 ml 
at upper and lower portions. One catalyst contained 



21.0% by weight of NiO and the other 10.0% by 
weight of NiO. Reaction was done at a pressure of 
8.1 05 Pa (8 kg/cm^G), at an inlet temperature of 480°C 
and at an outlet temperature of 800° C, thereby pro- 
viding hydrogen of 71.7% in H2, 10.6% in CO, 0.4% 
in CH4 and 1 7.3% in CO2 each by volume on a dry ba- 
sis. 

As is apparent from the test results, hydrogen 
production is possible for about 8,000 hours. 

Comparative Example 2 

A stainless desulfurization reactor of a 20 mm-in- 
side diameter was packed at its upper portion with 40 
ml of a desulfurization catalyst and at its lower portion 
with 40 ml of a hydrogen sulfide adsorbent. The cat- 
alyst was of 3.0% in NiO, 22% in MoOsand 75% AI2O3 
each by weight, and the adsorbent was ZnO. A com- 
mercial grade of kerosine was contacted at a pressure 
of 10.10-5 Pa kg/cm^G), at a temperature of 
380''C. at an LHSV of 1.0 hr^ and at a hydrogen-ker- 
osine ratio of 0.5 Nm=*/kg. The hydrogen-containing 
gas was of 74% in H2. 24% in CO2, 1% in CO and 1% 
in CH4 each by volume, and the kerosine was of 90 
ppm by weight of sulfur, 50*^0 in flash point, 0.7903 
{^4J4°C) in density and 153 to 260^C in boiling point. 
Treated kerosine was reduced in its sulfur content to 
4 ppm by weight. 

The gaseous mixture was further contacted with 
20 ml of a sorbent of 63.7% by weight of Ni, without 
the addition of steam, by downward passage through 
the reactor. Reaction conditions were at a pressure of 
9 kg/cm^G and at an inlet temperature of 250^0. Upon 
initiation of the reaction, the reactor revealed hazar- 
dous temperature rise, making the test difficult to 
continue. This was attributed to methane formation 
noted in Comparative Example 1. 



Claims 

1. A process for producing hydrogen from hydrocar- 
bons, which comprises contacting a hydrocarbon 
feed with a nickel-containing sorbent in the pres- 
ence of steam in a ratio of steam to carbon of 0.1 
to 7.0 mol/atom and hydrogen-containing gas at 
a pressure of lower than 50. 10^ Pa (50 kg/cm^G), 
at a temperature of 150 to 500°C and at a GHSV 
of 100 to 5,000 hM or at an LHSV of 0.1 tolOhr^ 
and subsequently treating the resulting reaction 
mixture with a steam reforming catalyst. 

2. The process according to claim 1 wherein the hy- 
drocarbon feed has a sulfur content of smaller 
than 150 ppm by weight. 

3. The process according to daim 1 wherein the hy- 
drocarbon feed is one gaseous member selected 
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from the group consisting of methane, ethane, 
propane and butane alone or in combination and 
natural gas. 

4. The process according to claim 1 wherein the hy- 5 
drocarbon feed is one liquid member selected 
from the group consisting of light naphtha, heavy 
naphtha and kerosine alone or in combination. 

5. The process according to claim 1 wherein the sor- io 
bent has a nickel content of 30 to 70% by weight. 

6. The process according to claim 1 wherein the cat- 
alyst contains nickel as an oxide in an amount of 

5 to 50% by weight. 15 

7. The process according to claim 1 further includ- 
ing hydrogenative desulfurization and hydrogen 
sulfide adsorption prior to contact of the hydro- 
carbon feed with the sorbent. 20 



lOh-^ und bei dem anschlieliend das resultieren- 
de Reaktionsgemisch mit einem Katalysator zur 
Umformung des Dampfes behandelt wird. 

2. Verfahren nach Anspruch 1 , bei dem das Kohlen- 
wasserstoff-Produkt einen Schwefelanteil kleiner 
als 150 Gewichts-ppm hat. 

3. Verfahren nach Anspruch 1 , bei dem das Kohlen- 
wasserstoff-Produkt ein Gas der Gruppe: Me- 
than, Athan, Propan und Butin oder einer Mi- 
schung derselben und Erdgas ist. 

4. Verfahren nach Anspruch 1 , bei dem das Kohlen- 
wasserstoff-Produkt eine Flussigkeit der Grup- 
pe: leichtes Naphta. schweres Naphta und Kero- 
sin Oder einer Mischung derselben ist. 

5. Verfahren nach Anspruch 1 , bei dem das Sorbent 
eInen Nickelanteil von 30 - 70 Gew.% hat. 



8. The process according to claim 7 wherein the hy- 
drogenative desulfurization is accomplished by 
the use of a desulfurization catalyst. 

25 

9. The process according to claim 7 wherein the hy- 
drogen sulfide adsorption is accomplished by the 
use of an adsorbent. 

10. The process according to claim 8 wherein the de- 30 
sulfurization catalyst is made up of one member 
selected from the group consisting of cobalt-mo- 
lybdenum, nickel-molybdenum, nickel-cobalt- 
molybdenum and nickel-tungsten. 

35 

11. The process according to claim 9 wherein the ad- 
sorbent used in the hydrogen sulfide adsorption 
is one member selected from the group consist- 
ing of sodium hydroxide, potassium hydroxide, 
magnesium hydroxide, calcium hydroxide, mono- 40 
ethanolamine, diethanolamlne, isopropylamlne, 

zinc oxide, copper oxide, iron oxide-chromium 
oxide, zinc oxide-copper oxide, zinc oxide-molyb- 
denum oxide and zinc oxide-iron oxide. 



Patentanspruche 

1. Verfahren zur Erzeugung von Wasserstoff aus 

Kohlenwasserstoffen, bei dem ein Kohlenwas- 50 
serstoff-Produkt mit einem nickel halt igen 
Sorbent kontaktiert wird in Gegenwart von 
Dampf in einem Verhaltnis von Dampf zu Kohlen- 
stoff von 0,1 bis 7,0 Mol/Atom und von einem 
Wasserstoff enthaltenden Gas bei einem Druck 55 
kleiner als 50. 10^ Pa (50 kg/cm^G), bei einer Tem- 
peratur von 150 bis 500°C und bei einem GHSV 
von 100 bis5000h-i oder einem LHSVvonO,1 bis 



6. Verfahren nach Anspruch 1 , bei dem der Kataly- 
sator Nickel als Oxid in einer Menge von 5 bis 50 
Gew.% enthalt. 

7. Verfahren nach Anspruch 1, bei dem vor dem 
Kontakt des Kohlenwasserstoff-Produktes mit 
dem Sorbent eine wasserstoffaktive Entschwefe- 
lung und eine Schwef el wasserstoff- Adsorption 
erfolgt. 

8. Verfahren nach Anspruch 7, bei dem die wasser- 
stoffaktive Entschwefelung unter Verwendung 
eines Entschwefelungs-Katalysators durchge- 
fuhrt wird. 

9. Verfahren nach Anspruch 7, bei dem die Schwe- 
felwasserstoff-Adsorption unter Verwendung ei- 
nes Adsorbents durchgefuhrt wird. 

10. Verfahren nach Anspruch 8, bei dem der 
Entschwefelungs- Katalysator aus der Gruppe: Ko- 
balt-Moybdan, Nickel-Molybdan, Nickel- Kobalt- 
Molybdan und Nickel- Wolfram erstellt worden ist. 

1 1 . Verfahren nach Anspruch 9, bei dem das Adsorbent 
fur die Schwefelwasserstoff-Adsorption zu der 
Gruppe: Natrium-Hydroxid, Kalium-Hydroxid, Ma- 
gnesium-Hydroxid, Kalzium-Hydroxid, Monoatha- 
nolamin, Diathanolamin, Isopropylamin, Zinkoxid, 
Kupferoxid, Eisen-Oxid-Chrom-Oxid, Zink-OxkJ- 
Kupfer-Oxid, Zink-Oxid-Molybdan-Oxid und Zink- 
Oxid-Eisen-Oxid gehort. 



Ravendications 

1. Proc6d6 de preparation d'hydrog^ne ^ partir 
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d'hydrocarbures, selon lequel on met en contact 
une charge de depart hydrocarbon6e avec un 
sorbant contenant du nickel, en presence de va- 
peurd'eau selon un rapport de la vapeurd'eau au 
carbone de 0,1 d 7,0 moles/atome. et un gaz s 
contenant de I'hydrog^ne sous une pression inf6- 
rieure ^ SO.IQspa (pression relative : 50 kg/cm^), 
d une temperature de 150 500 °C et selon une 
Vitesse spatiale horaire du gaz de 100 ^ 5000 
h-\ ou selon une vitesse spatiale horaire du liqui- io 
de de 0,1 ^ 10 h~\ et on traite ensuite le nn6lange 
reaction nel resultant avec un catalyseur de refor- 
mage d la vapeur d'eau. 



d'hydrog^ne, est choisi parnnl I'hydroxyde de so- 
dium, I'hydroxyde de potassium, I'hydroxyde de 
magn6sium. I'hydroxyde de calcium, la mono6- 
thanolamine, la di6thanolamine, I'isopropylami- 
ne, I'oxyde de zinc, Toxyde de cuivre, i'oxyde de 
fer-oxyde de chrome, I'oxyde de zinc-oxyde de 
cuivre, I'oxyde de zinc-oxyde de molybd^ne et 
I'oxyde de zinc-oxyde de fer. 



2. Proc^d^ selon la revendication 1, dans lequel 15 
I'hydrocarbure de depart a une teneur en soufre 
inf6rieure ^150 ppm en poids. 

3. Proc6d6 selon la revendication 1, selon lequel 
I'hydrocarbure de depart est un gaz choisi parmi 20 
le nf>6thane, I'^thane, le propane et le butane 
seuls ou en association, ainsi que le gaz naturel. 

4. Proc6d6 selon la revendication 1, dans lequel 
I'hydrocarbure de depart est un liquide choisi par- 25 
mi le naphta I6ger, le naphta lourd et le k6ros6ne, 
seuls ou en association. 



5. Proc6d6 selon la revendication 1, dans lequel le 
sorbant a une teneur en nickel de 30 S 70 % en 30 
poids. 

6. Proc6d6 selon la revendication 1, dans lequel le 
catalyseur contient du nickel sous la forme d'un 
oxyde, selon une quantity de 5 S 50 % en poids. 35 



7. Proc6d6 selon la revendication 1 , comprenant en 
outre une d^sulfuration par hydrog^nation et une 
adsorption de sulfure d'hydrog^ne avant de met- 
tre en contact I'hydrocarbure de depart avec le 40 
sorbant. 



8. Proc^d^ selon la revendication 7, dans lequel la 
d6sulfuration par hydrog6nation est effectu6e en 
employant un catalyseur de d6sulfuration. 45 



9. Precede selon la revendication 7, dans lequel 
I'adsorption du sulfure d'hydrog^ne est effectu^e 
en employant un adsorbant. 

50 

10. Proc^dd selon la revendication 8, dans lequel le 
catalyseur de d6sulfuration comprend un m6tal 
choisi parmi le cobalt-molybd^ne, le nickel- 
molybd^ne, le nickel-cobalt-molybddne, et le 

n ickei-tu n gst^ne. 55 

11. Proc^d^ selon la revendication 9, dans lequel 
I'adsorbant employ^ dans I'adsorption du sulfure 
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